Requested Patent JP7183488A 



Title: 



MOS-CONTROLLED THYRISTOR AND ITS MANUFACTURE ; 



Abstracted Patent 



JP71 83488; 



Publication Date: 



1995-07-21 ; 



Inventor(s): 



KURAISON TORONNAMUCHIYA) ; 



Applicants): 



NISSAN MOTOR CO LTD ; 



Application Number: 



JP19930328306 19931224 ; 



Priority Number(s): 



IPC Classification: 



H01L29/74; H01L21/265; H01L29/744 ; 



Equivalents: ; 
ABSTRACT: 

PURPOSE.To turn off a thyristor in a latchup state reliably and rapidly by making the surface 
orientation of a P-type channel formed when a negative voltage is applied to a gate electrode 
(110) orientation. 

CONSTITUTIONS N-type base region 3 formed on a P-type silicon substrate 1 of (110) crystal 
orientation, a gate electrode 5 formed on the N-type base region 3 through a gate insulation film 
4 and a MOS-controlled type thyristor wherein a P-type base region 6, an N-type cathode region 
7 and a P-type cathode region 8 are formed one by using the gate electrode 5 as a mask. 
Surface azimuth of a P-type channel formed between th P-type base region 6 and the P-type 
cathode region 8 formed when a negative voltage is applied to the gate electrode 5 is made (1 1 0) 
orientation. Thereby, the mobility of holes passing through the P-type channel is improved and 
the thyristor in a latchup state is turned off reliably and rapidly. 
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1 

way- hiuuiaj: coney- he«c!>*«»9f^i» 

•way- b*m\z&<DW£*9tohitti*KttRpm* 

m^*)V0m-fi&* (iio) nmz-rzctz®® 
tirzMostsmm-'i ux*. 

Mf*82] (1 1 0) *ft©P»^U3>3WR±fc 

HBNj&^-xMUifcy- vimmzfthxy- hm 

£LTN^-X««£8ffl£it:*Xga:* 
StfJ31i^8JBN^-XS«±IC, P«^-X««£ 

MiBP^-Xfi«±f^ <1 1 0>^«d*S^*U 

jb# y- H»**»arrs3aifc» 
p y - h s«£^*r*xg £ £»» 
m#b 3 ] mqh 2 izmmzntcuo s mr^ 
t»BP»*-x»*±K:» nj^«*s<i i o>*)r) 

x*<D3ssm 

[0 0 0 1] 
[0 0 0 2] 

[«*©&ffi] H9tt«*tDMOSB»^-9-f UX* 
TST&S. ^9lc:fcV>T, lte (1 0 0) #&<9S i 

♦ #7 y - f«« i 0±® ic «n - #*c-x«« 3 «qns 



> #^¥7-18 34 8 8 

««7*»*SftTH*. N»*y-K*«7(D±ffifC 

tt-»©P*»*y-HSI«8*««»bT»«$n, N 
»»y-H««7tP + »*y-H*«8ii*y-H« 

[0 0 0 3] H 5 ttH 9 fcjRTJE*0MO S H»»1M 
«E*0«JB*ttftli*a^TIW!-r«. a 5 (a) T 

(i oo) #&#p^s«£p + ^7/-Kg*£i 
7* huy^^y^-ft^ifiCcfcoTy-hmss^j; 

h *8Ji^ 4 ITN" *^-X»« 3 

[00043 ^5 (b) y-Mtssfc^x^fc 

LT P »^-X«« 6 <D±ffifc U >*fctt 

*»*r*. zc-ctrs-f^aAwu &ii«it&£< 

1 0 0>^Ir)IC^LT5 o H±* W*tf7° H»Tfx 
T£££K<fctK ^«»&P»^-Xffl«6<D»^«Bf 

tc&A-r* stares*. &A$nfc^«tt.wasi6»fc 

<fcoTP^-X««6©##fn) (P*7y-H«Wl 
#1*1) ICilAU N»*y-H««7 0ieSrBO»SM: 

«7»J«6rlflllCt»it*»4. 
[0 0 0 5] ^5 (C) T?tt, y-h«S5€-7X^t 
LT#a>«0^ttft^*>aAt. -*t<DP*B* 

y-H««8&tt»bT»«-r*. c<ot€r> p*»* 

y - F«# 8 £ P #^-X S« 6 £ CDffllBL fccfcoT* 

y- hms 5 Kft<D«jESff»it«:iRfc«tt$n^ p^ 
^***<d^* zvm&* p&?** 

)v&L\$ms (b) <ommL<o&mz&^Tfc*Q. L 

BWCDttO. 8fgT&5o 0 5 (d) Tfct PSG*fc 
<fc SBBM&SK l o *±tf*y- H^S 9 bfo&A I R 

[0 0 0 6] 09 K£-3<r>T{E*<DMO S MWmV-i U 

zfvmriF&mwTz. *y-K«S9*»*br7y 

3 P»^X««6 ©BlC»;t-f 7X«EE^*>*& 

[0007] c cottSBry- hm® 5 icjeo«e *win 

N-^-Xg«3tP »^-X*W 6 C0fflCD2!AM 7 
X«flEjME<fcQ. P*»7y-F««l*S©iE?ltt 



-626- 



3 

U ££>(CN^#y-F®#7£iI^TP + ^*y-F 

mm 8 tears. zn\zxv. 7/-Hms2^?>^v 

(MOS CONTROLLED TBYRISTOR) tbmtftZ. 

10008) u±<om^m 1 1 \z*?*m®&&m> 

TSLWtZ* 09£*t-P + ^7/-F@**K N'M^ 

~-zmm3&&zfPM^-xm®st^ mi i\z^t 

PNP h7>WTR l7W8fi&£tt, N fl^-X^ 
#3, P^-7««6^lfNI*V-HS«7i: 
T, NPNh7>yX^TR2«^n^ y 

[0 0 0 9] BllfcfeHT. ilV-PmmK (9) £ 
SifetTTy-HmftA (2) iCiEcD^JC^iJDbfe® 
^ y-hmSG (5) W0#)lbT*$>ntf. Mosy 
-hGlte^ttSTC&D, TRl(D^l:Mlii 
ftft^. L&tfoT. TRlli^>U-f. TR2©^ 

-nm&A (2) ^6^y-Fm®K o> ictm** 

[0 0 10] y-bm^G (5) f£IE<D^£f$2Jirf£ 
Xfr6MOSy-hCDFW>D, V-XS^lT* 

y-F^HK (9) n^^n^c iin^D, TR 

lW>LT7/-Ft!A (2) 35^TR1©3|/^ 

^ \z^Lmmnz>. z (ommzT r 2 cd^-x t~^ns 

TR2W>U JgJiry-FmSA (2) 
FUffiK (9) IZtfttlZ. 

[0 0 11] cO^lTfl TRlCDnk^^^^tlS 
ti5ll:J:^TTR2(Jt>^I$)iil, TR2<Z>nl/ 

^^^n^m^iCcfct?TTRHw>^^ii^*rs 
fca, y-smsG (5) iz$im?z>^mzo$)i,Hz 

ITt), 7;-FtlA (2) #£>#7-Fm«K 

(9) t^^n^t*,, -rafcft, H9c«f*-Y 

UX^fct V^^y-hmSG (5) (CiE^*JE^8J 
[0 0 12] ^<D«fc5^7^^7!yyttJBt?tt, P + J£ 

® 9 (cthTn ^-x««fc*ft-pn*»c 

\±*m<Dmi&£mf ZolzteZ. y 

y3-7v?n\z\% nffi&W5fa (B 9 fc 



(3) #$i¥7-l 834 8 8 

[0 0 13] 18 9^*1-^ UX^©y-h*S 

£01 2\z9Rt£?\Z. P+miJV-P9MBbPmi 
t*^C2*«»«*n5. P#^-X®#6 

*?0*>mzp+&7/-'vm&ifr$N-M'<-7>m 

m 3 £So T P fi^-X®« 6 K&A2nT#«LT^ 
SXS^ftte^P^^Jt'C 2 £jioTP + ;*/7 
-F«*8fcitX-rs. ^ cafe NJB#y-F««7 
6 P »^-X»« 6 TN" »"C-X«* 3 IC« 

x*«7*^7y:/tti8#&]Ku tv-f««2#5 
->^y-rSo 

a> [0014] c:©^->*>3^6^->*7K»fT"rs 

»fts£Hl 1 (b) fc^r*«0BSffl^TRWr-5 

6P»ft*K2ft H^c?)MOSy-hG2©F^ 
<>D, y-XSP8<0gK*ca#&A6tt£. tKU* 
^<0^->«rCH^CWB»L 2 ^in^fiimTTR 

G2fcfcftm££5tCfc£. ^©*§m* TR2©^X 
50 ^TR 1 <D^-X«8fc«*"r*. *©JML TR1, 

x*te*~>*7-f*. 

[0 0 15] 

(110) ^tt©t€Tfc«fciE?l©e»Ktf**<. 
(10 0) #ttT©IEA©»»*tt (110) *ttCtt 

fc, P^t^C2W (10 0) ;*ttfc:»j*sn 

znz. -r&toft. (100) ^ttcox«±K*«sn 

«ffiTy-F«S5tCft<DSff^RUPTSi:, P^- 
2«5)©StttlctoTP + *y- F««8 ICJIAT€ 
"Tttfe-fe, 011 (b) (C^-TMO 

s y- f g 2 0fiR#*# ttntf mo s h g 2 ic* 

50 *D«**Wri\ lfc#oTTRlfiWTR20^ 
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5 

-^«»cPfttt^->*>»fc**D*t)6r, TRl 

fig (7^7y^«® 
[0 0 16] P»^*^C2CJ)iStt*T*f*A:«)fc 

»* v - na« 8 1 p »^-xw* 6 one^^fts 

12, N»*V-H«*©J»aw©J90. 8 1*5 SB? 
[0 0 17) *fc, t£*©N»MCTtt, P»^Y*^ 
mh&%* H3tt, P^Y*^itt©*ffittJBi. P 

[0 0 18] 03 (a) BFK>ffi#**^l*. 
0 3 (b) IJFW>l£E#^^ HI" 
4>SE#0. 5*>P» S3 (a) , (b) 

(b) 0*«*W©aF3j«, #ffi#lRl£l«JV>T^*. Z1<0 

fc», 03 (b) o^»w©eflia©»»ea<ftW'. 

X)P'Jt3<&*. N»MCT©*->:fr>PSCBU 7/ 
[0 0 19] £<DJ;5fcHS£#ft-r£fc», ®9<E>P 

♦»7/-hs*i. n ■^-xW3, pm^-zm 

«6, N^*V-]«fil«7feJ:tKP + *y-H««8C0 

%*s>n£* pjgMCT©^ ?-y*ymzMf&2 

tl%W*MtKMXhZ>. mi 3\Z^T^\Z, *^ 

(10 0) ffi0«£#«fc#»J£#*€rv>. 
NiMCTiOt)P»CT <Z>##ft Kig&fc $ nr n 
£ («*J£ HARRIS SEMICONDUCTOR**: MCTV75P60E1 £ 
fcfcadCTA75P60Ell£) „ 

[0020] w»u PWCT^inisn mi 



(4) &8R*7~ 1 8348 8 

u®i)mmztez>£^5mm&$>%. ?ttt>*>, rmu 
cTZf-yty-z^ztcMz}*. y-hHSG (5) 
<D«E*7/-K««A (2) 0 

G (5) 0«EE*7y-F«*A (2) ?>mBEJ;0t>& 

y-hmmc (5) izmmm&&± 

£*3, PiMCT^ 014 (b) \ZtkT£?\Z, 7/ 

-vmmA <2) fcft«f&»»ufc, v>*>«>*n-tM 

Sffl»L&ttn«fc6?\ ££y-htiffiG (5) t£j& 

[0 0 2 1] SI 4 (c) (C^Tcfc^lC. N#M 

(5) fcO#;H-J:0*^Vi«JE*HllllT*Xtf^->* 
>U 0$)Vh\Z'?n\Z?->*y'?2>rz#)s PMMC 
TKIt^TS&^ffiBflrf Z> (HARRIS SEMICONDUCTOR^ 
^ MCT USER'S GUIDE P2.2 #J» „ 

[0 0 2 2] *56WOBfl9tt, y- h^ffi^COmJEE^ 
WftIbfca:#?C»/KStl*P^Y*^©»^&& (1 
10) *&tTS^tlcJ;r)v *y^7?7tt»c«&.& 

if-f u x?zmm^m&\z?->*ym£z>Mo su 

[0 0 2 3] 

^ttT*3f6W£RWT*£. P»7/-H1 

^^LTgffi5^cN^-X^3±^ > PJ^- 
X&^6, N»*V-H««7*J;tfP»*V-H«« 
9 &m\Z&ffc?Z>MO S UWM1M U X * KM $ *U 
y- h mS 5 fcft ©«fl£«rWJDL/S: t £ P »^-X* 
«6 tP#*V-H««9 tOB*C^j«an*.P^Y 

*;^C2cdrs&£ (i i 0) ^ft^-r^^i^ctr). 

±BBMttauaE*tt-&. m*m2\zmwi<Dmm±> d 

4C? 1 0) ^&©P^v i ;n>S«±iCN^-X^«3^ 

^rt-r^xet, N^-x««3±icy-h«yaR4 
4 ^<tr;y- hms 5 <om%.m£®& ltn»^-x 

3±lC, P^-X««6€»*-r<bXSt, P^- 
X^6±l3, <1 1 0>*fa^^*l)>^£jg£ 
$ «fc "5 iC NS^«**-f * >a A L X N V - H 
««7^flE-r-6Xgt, N»*V-HS«7±fcP» 

^ttft £4 * >a a ur p mil y - h««9- ^srr s 



-628- 



(5) 



ft!Hl¥7-l 8 34 8 8 



8 



#I3K:B«<DJMIfck B*a2fcB*i**l&M0Stt 
[-0 0 2 4] 

7(O^H, P#^-A««6fcP#*y-F«*9fc 

oHc»a*n«p»?^*^c2©B^rtt* ui 
tt«**oaaic*->*7-r^ R#H2fcB«©» 

WTB, N«^«*&<1 1 0>#fa^6^r*l)>^ 

x«*6 1 p** y- k«*8 i©H«c»rt$n-5 p^ 

^*^C2<D^V*;l*tffi<&D. -tflWZ/Jfifttt 

[oo2 5] *8w<d«jS£Rwts±e»R£ 

[0 0 2 6] 



-JB.l 

MCT) ©**«©fc»£^"BT**. BIB 

(110) *tt©S**fflViT1?-<UX^©#««*« 
ttTSASI»VJT, H9fcS?1»0N#MCTfcR* 

[0 0 2 7] t?~>*>LT^Z>'$-'1VX?<D¥--hn 

P«^-X*«6©IHICP»^^*;PC 23^«J*Stl 

6. P»^-X««6tS«bT^S**©iE?Lli, P 

^^^;VC2^SoTP + ^*V-H^8lCj|A-r 

S. P^t^K2«fitt (110) 

&6, HI 3fc*t\fc5fc. IEft0»»tftt+#te*# 

K l/ftjJJoT, P»^-X«Wt6©iEB.»4ai^*fcP 

[0 0 2 8] Sfc, (1 1 0) Vtt (1 0 0) ■KJt^ 



i o) ffikt @3ir^r (i o o) m\zft-<rnm(om 

»I»H2 (a) ©iifcftD, 133 (a) Kii^TIEdfl 

©»»tt*iifi<&*. (i i o) mow 

(1 0 0) ffiicit^ iE?L©»»«^*#<a0, 
*;H£iftVh£<£S, £<8«6ittH2 (b) fc^-TJ: 

3 (b) (10 0) HCJtttbTlEA^AKtt 

itf #«c*#<ft*. »«Lfc±5t:, y-Mt*5fcA 

P»?Y*^C2CD»»jRj»ttH2 (b) 

[0 0 2 9] H4ttHllC^1-iJ--f UX^OSIJ&^ftS 

TRWf*. 04 (a) ttffl>frffi# (1 J 0) 
ffl^THS (a) fcPWfcttST*. 04 (b) Tit, 
y-h*B5£-?X*fcl/T\ U>*&»fc*fc<ll 
20 0>*«fc»LT?v*y>y*BCt*»A««^ 

£(110) H»6R««^ B 6 5 y'J 

3 >KT©&v»iMBjW*ftr*. £<&&ak <i l o> 
^ ^lt, -*:*>&A-r£A&£<i 1 o>arft*6 

#OftK*^v* ! J>^B#ftKi:fftf, (110) M 
<D»Stt»5' Tfc*„ 
30 [0 0 3 0] ^ir*'J>^«»ftKartT!^*>ftAf 

3&fcW2£ttiIK*A«fc». ^ft6«^t>* 
SfcNfc* V - H«*7 CD«E*^<OI»SWttW=W 1 + 
W2tM, 04 (c) T«, 05 (c) £H*fc:P + 

»*y-K««8«Mtr*. 04 (b) cossK«£fr 

H««8tP»^-Afi«6©ffllBL <P#^**;P 

A) »w2xo. 8tas*ns. ^aiao*© 

40 Pf?t^6»WX0. 8<fcDt>fiV>. 04 (d) T 
tt* 05 (d) tH*KlTillttHllO«iff*y 

[0 0 3 1] CC0ct-5i^ **««Tti y-h€®5 

tcft ©«ee & w in t tis p y *^ c 

2^)ffi^&^ (110) H&tVTtTctb, P»^ir** 
50 «*±Ofc»St«ftfr5»B]3&«fi<T» 
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(6) #P?¥7-1 8 348 8 

9 10 
*<D#P*#;fr7-FS«8£P#^-X«*6£: 0 *V>U, »2©^jB«tft^: 
<Dfm iPM^V&VK) L£®<T£ft. D, fll<0j£ffiWP»^-^**6*Jt»lxTN-«^- 

[0032] B4£sm»:#i£Tfc, p^-xfia x««3»ra<*TJs<aom-r. y-K^gs 

6*P + »*7-K*«8£»/*1-ftKlcKL 3^*U tt»©rt««fl*fc:Rlt*. dOJ^ICf ft£, 1MUX 

[0 0 3 3] -»2 03BRM- hM5*RttntfJ:^&», *2©|MHfctt'<T«k 

SBloXfttttt. (110)MO^J3>S8^ i0 Dtto«0RlWfcj9Wlft. 

TU-^UX^<D#««^^bfc<Ofc»L, Sg2©*K [0 0 3 7] ±E^2, ?g3©*i6«Tfck (10 0) 

fltt. flE*fcBWK: (1 0 0) *tiL<Dg«£JBV>TiM #tt©*«SJB^ft««*Ufc#. (1 1 0) Jj&tm 

i o) *ttJc-r-5fc©T**. ®7\t%2 0nmm<Dm &©afi£fflv>Tt>±^. 

ffl&^-rHT*^ £©SI2©^»mB4fC^-faE# [0 0 3 8] 

©sb^&i^ot^ (c) ***ufc«, n^-fx [§g9i©aMiu &±mm\zmmLrz£5\z, *&m\z& 

5N^V-F«*7€rBftlC, T&frtKl 1 0>* ft P*^^ (1 1 0) jj$Lt\stc1tV>* 

mzm^xm^rmu »<d«b^p»^-x««6 p^^^^^^Ma*rftiE?Lo»»«^[Ri±u> 

-h«»iS4 i^uT*«8S'>ua>tcj:fty-hm ?ai*ftEt#T#ft. pjg^^^sraarft 

• SltMUft. ^4 (d) tH«fcPSG«C± 3Eatt, (1 10) (10 0) ;frtt<kQ*># 

ftjusH&SRi ot*y-H«*9t&ftAiK**« B»a©»**gttfev>fca, *Dt>-3«iE?L©iMb 

-fft. x^A±t"ft. Dttfor. t^yx*©Raw»fc* 

[0 0 3 4] ilOi-StbTJgtfb&NJgMCTTtt, £<fft £ £*«T#ft. 
9~y*ym \z\m 1 ©HS^ <h H«©ttBf fcN [BK©ffi¥fcR91] 

^ci^«$n, -^->*7eKHB7fc^"r ran **wt:j:ftMos*i»i»*-f ux*©ai© 

&o\z. m<Dmm\z^x, r^t>t><i 1 o>#irjk *««©*ji^TBT»ft. 
p^**^c2OTW8an*. is 2] (iio) ffi©p»^-v*^wiso*att»t 

[0035] c©»2©3ijs«©N#MCTtt* a? iEao»»»B^-rBTr*ft. 

DtXlCBt«l*©^kttWiIT , *-5 (100)* [B3J (1 0 0) ffi^P^^^WiSOl^ffittfii: 

W6«Hi*±z«HS3xh©««^Bnft. *fc, [B4] Bifc*r*-f yx*©«teWfc*R'BrftB 

(10 0) U Tfcfto 

fck *©R©RRK:P*?V*;PC2S»J5trft±5C Ms] a*©-y--f yx^©«B*»*RMrftBT* 

Lfcfcfc. Si©HiBW©J:«9icP^^*;PC2$S ft. 

tawanft. *jt. z:©»©«wa<i i o>#ftjcs ^fto 

WStiftfc*, JBl©*««tH*C PJB^ir^C IB7] *»«fcJ:ftMOSR»P»»^yx*©»2© 

2£»ftiEa©#»tf£*3<Ta£fc#T^ 1MU 49 *B«©«iiS*-rB"C*ft. 

x^ s*^offl»fc^->*7 a^ft c: t*«*p*ft. m 8 ] <tftMo sRWW-f y x^ose 3 <o 

z*>\z. m<bffls<omfc**z<?zz-timRiz'vz $asM©«jS£^**B-c*ft. 

ftfc*. ^niCjtDP^^^W&lEtfftSl^^-C IB9] «*©MOS«tP*U--f »J X*©«BS£5RfB 

iOV»o*5iEJl©»RR***<1"ftJ:t*«T* ~cfcfto 

ft 0 [Bl 0] B9©tMyx*©y-KSft£IE©SjE£ 

[0 0 3 6] -fg3©^SS0»j- »HPLfc*B'&t*]«anftN»? t Y*;Hfe» , rBT* 

* 3 *2©seK«iiofe*©*aftj»<u ft- 

Ty-hSa©S^»^bfct)©T*ft a B8B»3© [01 1] SI 1 (a) tt*->*>fS©*ffi@&B* 

^^•jas^-TBTSft. » 3 ©£«««* 312© ill (b) tt^->*.7«pfl«WiHBBTf»ft^-. 

**«tH«C, (1 0 0) 1 50 [012] B9©tMyx*©y-h«»;:A©«BE£ 
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( 

11 

f? m v rc m £ i zj& fS. $ n s p m f- \ *)V & s t m r * 

-5. 

[HI 4] ^'JX^©/WtJ--f HX-f yfisEtn- 

[?f^©ifiw] 

1 P*^7/-H®« 

2 yy-Hms 



[HI] 




) 4$H¥7- 1 8 34 8 8 

12 

5 y-bi&g 

6 P^-X^« 

8 P*»*V-H«« 
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